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(54) Abstract Trtle 

Liquid crystalline cartx>nic acid esters 



(57) Liquid-crystalline compounds have the formula la 



pi yl O M O C 



-A2 y2 P2 



where 
pi and P2 

and Y^ 

R 

A"" and A^ 
M 



each independently are hydrogen. Ci-C4-alkyl or reactive radicals by means of which 
polymerization can be brought about r\ r-nt r\ 

each independently are a single chemical bond, oxygen, sulfur, -0-C0-, -C0-O-, -0-C0-O-. 
-CO-NR-, -NR-CO-, -OCONR-, -NR-CO-O- or -NR-CO-NR-, 

is hydrogen or CrC4-alkyl, ^ ^ . 

are spacers having one to 30 carbons in a chain which can be interrupted by oxygen in ether 
function, sulfur in thioether function or by nonadjacent imino or Ci-C*-all<ylimino groups, and 
is a mesogenic group. 



QO 
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Liquid-crystalline compounds 

The present invention provides liquid-crystalline 
compounds of the formula la 

O 

5 P- — A' — O — M — 0 — C? O A' (la) , 

where 

and P^ each independently are hydrogen, Cj^-C^ -alkyl or 
reactive radicals by means of which polymerization can be 
brought about, 

10 and Y^ each independently are a single chemical bond, 
oxygen, sulfur, -0-C0-, -C0-0-, -0-C0-0-, -CO-NR, -NR-CO-, 
-0-CO-^^K, -NR-CO-O- oi: -NR-CO-NR-, 
R is hydrogen or Ci-C^-alkyl, 

A^ and A' are spacers having one to 3 0 carbons in a chain 
15 which can be interrupted by oxygen in ether function, 

sulfur in thioether function or by nonadjacent imino or C^- 
C,- alky limine groups, and 
M is a mesogenic group. 

The invention also provides mixtures which comprise 
20 compounds of the formula la, compositions which comprise 
compounds of the formula la with or without further 
additives, a process for preparing compounds of the 
formula la, processes for producing coatings from the 
novel compounds, mixtures or compositions, and articles 
25 coated by this process. 

The invention provides, furthermore, for the use of the 
novel compounds, mixtures or compositions for preparing 
optical components and liquid-crystalline colorants, and 
it provides liquid-crystalline colorants and aqueous 
3 0 emulsions or dispersions which comprise the novel com- 



::ne suDseq^aent 
, either before 



2 

of appropria-e technicr-es, or by comminuc^on following 
polymer iz at: ior. . 

-he literature discloses numerous liquid-crystalline compounds 
5 that possess reactive (polymerizable) end groups. These end 

groups are separated by spacers from the mesogenic group M, tne 
spacer generally being attached to M via an ether bond, as 
described, for example, in the documents EP-A 0648 827, EP-A 0611 
98^ EP-A 0739 403, WO 95/24454, WO 95/24455 or WO 86/24647. 
10 Examples of the attachment of the spacer to M via an ether bond 
as well as via a direct chemical bond are found in WO 95/22586. 
Liquid-crystalline compounds in which the spacer groups are 
attached to the mesogenic group M via carbonate units are noted 
in the document wo 97/00600. 

15 

in general, liquid-crystalline compounds with ether-bonded 
spacers (liquid-crystalline "ethers") are of lower viscosity than 
their counterparts with carbonate-bonded spacers 

(liqu^-d-crystalline "carbonates"), which is generally desirable, 
^° and also have a greater tendency to form smooth, defect-free 

films, which is very important in view of the preparation of _ 
platelet-shaped particles of defined thickness, or use xn coating 
materials. Moreover, ether attachment of the spacer to the 
mesogenic group M is chemically more stable than the carbonate 
" attachment in relation, for example, to basic substances such as 
amines. An applicational disadvantage of the liquid-crystalline 
"ethers" relative to the "carbonates", however, is their 
generally lower liquid-crystalline phase width, which restricts 
the scope for their application. 

30 

It is an object of the present invention, therefore, to provide 
liquid-crystalline compounds which combine the positive 
properties of the liquid-crystalline "ethers" and "carbonates" 
but without their negative properties. Furthermore, it should be 
possible to prepare these new liq^aid-crys tall ine compounds in a 
simple and hence cost-effective and time-saving manner. 

we have found that this object is achieved by the compounds of 
40 the formula la described at the outset which can, furthermore, be 
prepared in a simple manner. 



45 

(Ai) 



one or more liqjid-c: 
la. 



(A3) 



3 

if desired, one or more liq^jid-crystailin 
the formula lb 

pi vl O M 0 a2 y2 F 



if desired, one or more liquid-crystalline compounds of 
the formula Ic 

O 0 



pi yl Al O C 0 ^ 



-0 C 0 A2 p2 



15 



where P^, P^- Y^, Y^, A^, A^ and M in the formulae lb and Ic are 
each as defined in formula la but in specific individual cases 
their selection is independent for the compounds la, lb and Ic . 

^° Such mixtures may therefore comprise component Ai alone, a mixture 
of component Ai and A2 or of component Ai and A3 or a mixture of 
components Ai, A^ and A3. Compounds and mixtures of compounds 
which can be employed in accordance with the invention as 
component A2 and whose structure is likewise that of formula lb 
have been specified in the Preparation Examples of the documents 
wo 95/24454 and WO 95/24455 and in the Preparation Examples of 
the earlier German patent application 197 16 822.1. Express 
reference is made here to these compounds and their mixtures as a 
preferred component As- In addition, the Preparation Examples of 

^° document WO 97/00600 set out compounds and mixtures of compounds 
which can be used in accordance with the invention as component A3 
and whose structure is that of the formula Ic. Consequently, 
express reference is made to these compounds and their mixtures 
as a preferred component A3. 

Also claimed in accordance with the invention are mixtures 
comprising 

40 (Ai') one or more liquid-crystalline compounds of the formula 



4 



- M O A-- 



5 

(A3-) one or more liquid-crystalline compounds of .he formula 



O 0 

^° II II 

p2_y2_A2 — 0 — C— O— M— 0— C— O — A2— Y2— P2 (Ic ), 

Obtainable by reacting one or more compounds of the formula II 



HO M- 



(11) 



with one or more compounds of the formulae Ilia and Illb 

O 

2° p2__Y2_A2— O— C — CI (III^)' 

pi yl Al (Illb), 

25 where and M are as defined above and is a 

leaving group. 

in contrast to the abovement ioned mixtures ^^^^"^^^^^ ^^^^ 
and, if desired, components A. and/or A3, the preparation of these 
30 latter mixtures dictates a dependency between the variables of 
compounds of the formulae la, lb' and Ic . 

Moreover, the present invention also claims compositions 
comprising 



35 



(A) compounds of the formula la or mixtures comprising 



compouriutj uj- v-ii'= ^"-^ 

component Ai alone or in a mixture with components A^ 
and/or A3, or mixtures comprising components Ai , A2 and 
40 A3', and 



can be brought about, it is possio 



the formula la and in the novel mixtures and compositions to use 
adicals familiar to the skilled worker. 



5 

Among these, preferred reactive radicals and p2 are 



5 



10 




where R can be identical or different at each occurrence and is 
hydrogen or Ci-C4-alkyl. 

Particularly preferred polymerizable groups and P^ are those 
amenable to free-radical polymerization, and thus especially the 
olefinically unsaturated groups; among these, particularly 
important groups in combination with or are 

20 

O CH3 O CI o 

II I II -'^^ I II 

CH2= CH C 0 , CH2=C C 0 CH2= C C O - 

Unreactive radicals P^ and p2 employed can be hydrogen or 
Ci-C4-al)cyl such as methyl, ethyl, n-propyl, -i-propyl, n-butyl, 
i -butyl, sec-butyl or t-butyl. These alkyls are also suitable 
both for the radicals R mentioned above in connection with the 
preferred reactive radicals pi and p2 and in the definition of 
30 and y2. 

Suitable spacers and A^ are all groups known for this purpose. 
They contain 1 to 30, preferably 3 to 12 carbons and consist of 
predominantly linear aliphatic groups. They may be interrupted in 
the chain, for instance by nonadjacent oxygens, sulfurs, iminos 
or alkyliminos , such as methyliminos . Other suitable substituents 
of the spacer chain are fluorine, chlorine, bromine, cyano, 
methyl and ethyl. 

40 Examples of representative spacers are: 

-(C¥.->)^-. - (CHoCH301^CH2CH. - , - CH2CH2 SCH2CH2 - , - CH2CH2NHCH2CH2 - , 



-CH2CH2N-CH2CH2- ' - (CHzCHOmCHjCH - ' -(CH2)6CH- or - CH2CH2CH - « 



6 



where 

-1 is 1 to 3 and p is 1 to 12 . 

Appropriate radicals M are all Icnown rr.esogenic groups, especially 
5 those of the formula laa 



10 

T 



at each occurrence is a divalent, saturated or unsaturated, 
isocyclic or heterocyclic radical. 



15 Y5 at each occurrence is a group as defined for and or 

is -CH2-0-, -0-CH2-, -CH=N-, -N=CH- or -N=N- and 



20 



r is 0, 1, 2 or 3, 

and, if r > 0, both T and Y^ are identical or different at each 
occurrence . 



25 



Preferably, r is 1 or 2. 

The radicals R may also carry up to three identical or different 
substituents from the following group: 

hydrogen, d - C^o" alkyl , C, -C^o " alkoxy , C, -C^o - alkoxycarbonyl , 
Ci - C20 - monoalkylaminocarbonyl , Ci - C20 - alkylcarbonyl , 
^° Ci-C20-alkylcarbonyloxy, C, -C20 " alkylcarbonylamino , formyl, 
carboxyl, halogen, cyano, hydroxy 1 or nitro. 

u.efe-red substituents of T other than fluorine, chlorine, 
35 b;omi;e, cyano, form,yl, carboxyl, nitro and hydroxyl are xn 

particular, short-chain alxphatic radicals such as ^-^'f ^J^^^^;^ 
n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, t-butyl and also 
alkoxys, alkoxycarbonyls, alkylcarbonyls , alkylcarbonyloxys , 
alkylcarbonylaminos and monoalkylaminocarbonyls comprising said 
40 alkyls. 




Particula: 



rly preferred mesogenic groups M are: 




O 

- c — 0 



V 7.^ C C 



where each ring Z can carry up 



to three identical or different 



substituents from the following group: 

hydrogen, -C^o" alkyl , Ci -C^o - alkoxy . - C,o - alkoxycarbonyl , 
Ci - C20 - monoalkylaminocarbonyl , Ci -C20 - alkylcarbonyl , 
Ci-C20-alkylcarbonyloxy, Ci - C20 " alkylcarbonylamino, formyl, 
35 carboxyl, halogen, cyano, hydroxyl or nitro. 

Preferred substituents for the aromatic rings, other than 
fluorine, chlorine, bromine, cyano, formyl, carboxyl, nxtro and 
hydroxyl are, in particular, short-chain aliphatic radicals such 
40 ^3 methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl 
and t-butyl and also alkoxys, alkoxycarbonyls , alkylcarbonyls , 



45 



The outer benzene rings or, if only two are present, one benzene 
ring of the particularly preferred groups M have/has preferably 
the following substitution pattern: 

CI ^ CI CI Cl 



CI 

10 / o \ 0 



Cl 




substituted similarly by F, Cl, Br, CH3, OCH3, CHO, COOH, COCH3 , 
OCOCH3 or CN instead of Cl, a mixture of substituents also being 
possible. Also to be mentioned are the structures 



COC,H2s*l 



CsH2s- 



0C,H2,.l 



where s is 2 to 20, .preferably 8 to 15. 



The preferred substitution patterns of the middle benzene ring, 
in the case of mesogenic groups M having three radicals T, of the 
particularly preferred groups M are 



Cl 



Cl 




Cl Cl CH3 CH3 

CH3 



11 

For this purpose it is therefore possible in the novel mixtures 
and compositions also to prepare mixtures of compounds of the 
formulae la, lb, Ic or la, lb', IC having different mesogenic 
groups M, inter alia. The viscosity of such mixtures is generally 
5 different from that of mixtures in which all compounds contain 
only one and the same mesogenic group M. 



If it is intended, for example, to prepare mixtures comprising 
the components Ai', A2' and A3' then it is possible for there to be 
not only, for example, "tetranuclear" mesogenic groups M, 
substututed or unsubstituted on the rings 2, of the formula 



0 O 



15 




corresponding to a compound 



20 




that is to be employed, or to the corresponding mono- or dianion, 
where in the formulae la, lb' and Ic' 



O 

is c — o / a single chemical bond or 




r is 3 , 



but also, for example, "trinuclear" mesogenic groups M, 
40 unsubstituted or substituted on the rings Z, of the formula 



12 

corresponding zo a compound 



^VV-C-0-/zVo-C-//zV- OH 



chat is to be employed, or to the corresponding mono- or dianion 
where in the formulae la, lb' and Ic' 



y5 is C O 

T is three radicals — {^Z 7 

r is 2. 



-0 C — 



else, for example, "dinuclear" groups M of the formula 



corresponding to a compound 



30 



that is to be employed, or to the corresponding mono- or dianion 



where in the formulae la, lb' and Ic' 
is a single chemical bond, 
^5 Tic, different radicals "^^^^^^^ (unsaturated isocyclic) 
and ( ) (saturated heterocyclic) , 

40 

r is 1, 



n — ' 
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corresponding to a compound 



HO V- OH 



5 

that is to be employed, or to the corresponding mono- or dianion, 
where in the formulae la, lb' and Ic' 



10 



y5 is a single chemical bond, 

unsaturated isocyclic) 
1 c and 

(/ V) — (unsaturated heterocyclic) , 



N- 



r: is 1. 

Of these, particularly preferred "dinuclear" mesogenic groups M 
are the fragments 



O 

25 (/ Z \) C O Z 



corresponding to the compound 



that is to be employed, or to the corresponding mono- or dianion, 
which can additionally carry substituents on the aromatic rings 
Z, as described above. 



Groups which can function as leaving groups Y^^, y42 are all those 
40 known to the skilled worker. It is preferred here to employ 

halogens, especially CI and Br. Preference is also given to the 

use of aliphatic or aromatic sulfonic acid derivatives and to 



14 



: — s — o — , — s 



F9C4 — s — o - 



V- s — 0 - 



For the preparation of a mixture comprising the components Ai , 
A2' and A3', use is advantageously made of mesogendiols whose 
20 mesogenic group M is of the formula la and where is -COO- or 
-OOC- These mesogendiols are generally synthesized by azeotropic 
esterification- For example, as also known from the literature, 
it is possible from p-hydroxybenzoic acid and (substituted) 
hydroduinone, with addition of xylene as entrainer and 



25 p-toluenesulfonic acid as catalyst, to prepare. 



in accordance 

with'the'following equations and in dependence on the molar 
ratios employed, either a mixture of "dinuclear" mesogendiols 
(equation 1) : 



Equation 1: 
2 HO-^ 



COOH "^2 HO 



xylene/ 



p - toluene - 
sulfonic acid 



-trinuclear" mesogendiol (equation 2) : 



45 
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Each R here is as defined for the substituents of the above rings 
Z of the particularly preferred mesogenic groups M. If R in 
ecjuation 1 is hydrogen, then the two resulting "dinuclear" 
mesogendiols are of course chemically identical. 

Entrainers which can be employed other than xylene are toluene 
and other high-boiling aromatic compounds or else mixtures of 
such hydrocarbons that are obtainable commercially, for instance 
under the names Solvesso® or Aromatic®. 



In addition to p- toluenesulf onic acid it is also possible to 
employ the acids on which the preferred leaving groups 
25 described earlier are based, preferably in pure form or as a 

concentrated aqueous solution. It is also possible with advantage 
to use concentrated sulfuric acid, boric acid or a mixture of 
these two acids. 



The ratio of starting materials to entrainer is not critical; 
usually, however, from about 200 to 350 ng of the entrainer are 
employed per 100 g of starting materials. 



The amount of catalyst employed is from about 1 to 10 g per 100 g 
of starting materials employed, preferably from 1.5 to 4.5 g per 
100 g of starting material. 



The reaction mixture, consisting of starting materials, entrainer 
40 and catalyst, is rendered inert with nitrogen, heated and then 
refluxed, during which the water is taken off completely as an 

azeotropic mixture with the entrainer. The duration of the 



■*S tr.aterials and encrair.ex ecripioyed cli;u u.. a-ounts ar.c nature 

the acidic catalyst, and may therefore be longer or shorter in 
specific cases. After the end of esterif ication the mixture is 



16 

cooled to room temperature and the crude crystalline product is 
f.-te-ed off with suction and washed wi-.h furtner entramer or, 

.\ ..^e- --e desired, with solvents such as methanol or 

i^hanororTii^ures thereof with water. Alternatively, the excess 
entrainer can also be separated off by steam distillation, w. h 
or wi^^out the addition of a customary commercial aefoamer, and 



or wLunoui- unc a.^^^-^— . . 

-he sol^d product can be isolated from water oy nitration 
similar syntheses of such mesogendiols have already been 
described elsewhere (for example Kongas et al., Polym. Prep. (Am. 



ISewiieJ-c ^ 

10 Chem. see, Diu. Polym. Chem. > li, PP. 462-«3 (1989, and Muller 
et al. . DE-A 36 22 Gill . 

If the leaving groups y3 of the compounds Illb that are used are 
sulfonate groups derived from aliphatic or aromatic 

15 luorinated, partly fluorinated or perfluorinated sulfonic acid 
derivatives, then to prepare the compounds Illb it is preferred 
to start from hydroxy compounds and from the acid chlor.des of 
the sulfonic acid derivatives. The reaction below is in ended to 
illustrate this taking as its example hydroxyalkyl acrylates 

20 'i;::a"on 3>, of which many representatives are readily available 
commercially - 



25 



Equation 3 : 

HO Al 0— C— + R' SO2— 

O 

// 



pyridine 



30 R SO3 O C 

o 



(-H HCl - pyridine) 



R. he^e is a radical derived, for example, from the sulfonate_ 
radic'als already indicated earlier as preferred. A^ is as defined 
for formula Illb, and -Yi-pi here is the group 



N,N-dimethylcyclohexylarrane, - r i-ethy .a...-ne cr _i - ...v.^..— , 
alkali metal or alkaline earth metal carbonates or bicarbonates , 



17 

the potassium salts preferably being employed here. Mixtures of 
such organic and inorganic bases can also be used. 



15 



An elegant method to convert the OH group in hydroxyalkyl 
acrylates into chloride as the leaving group is to react the 
hydroxy compounds with phosgene, giving the intermediate 
chlorof ormates, which on addition of catalytic amounts of 
diraethylf ormamide give off CO2 to form the chloroalkyl acrylates 
(equation 4 ) : 

Equation 4: 

0 0 

m—A^ — o—c—// * 5: -HCi^ ^c — o— a^—c—I^ 



CI 



r O Al C- 

20 ci-^ II 



_// DMF ci Al O C // 



O 



Byproducts generally formed here in a proportion of less than 
4 0 mol-% are also the corresponding compounds in which addition 
25 of the HCl onto the vinyl group of the acrylate radical has taken 
place. However, this does not cause further disruption, since in 
the course of the subsequent reaction hydrogen chloride is 
eliminated again with reformation of the vinyl group. 
For reaction of the mesogendiols II to the novel compounds la or 
to the novel mixtures comprising the compounds la, lb' and Ic' as 
components Ai', A2' and A3' it is particularly preferred to employ 
compounds Ilia and Illb in which the reactive radicals or p2 , 
form, together with the groups or Y^ , the following groups: 

35 O CH3 O 

« I " o . 
H2C = CH C O ' H2C = C C O and 



H2C = c — c — 0- 



compounds I'lh raKSs place usudi.-/ uncer cne conaitLor.s o: "ne 
Williamson ether synthesis. Bases preferably employed here are 
alkali metal and alkaline earth metal carbonates, particular 



18 

Preference being given co the use of sodiurr., pocassium and 
calc^-uT carbonate. In the case of the preferred mesogendiols ana 

^,,.,-^,,iarlv preferred co-reactants in which and a. so Y- 
^^''v2 ir^each correspondingly -COO- or -00C-, the benzoic and 
5 acrylic ester groups present surprisingly rerr.am intact, whereas 
when bases such as sodium or potassium hydroxide are used tnese 
groups are cleaved partially or totally depending, inter alia, on 
the amount of water and alkali. 

10 catalyze the etherif ication reaction it is possible to add 

iikali metal bromides or iodides and tetraalkylaimionium bromides 
or iodides, preference being given in the former case to the use 
of potassium bromide or potassium iodide and in the latter case 
to the use of tetrabutylammonium bromide or tetrabutylammonium 

1^ iodide. 

Examples of suitable solvents are dimethylf ormamide, 
dimethylacetamide, N-methylpyrrolidone or else dimethyl 
sulfoxide; dimethylf ormamide is preferably employed. 

20 

The etherification generally takes place at from 70 to 110=C, and 
lasts usually from 4 to 24 hours, although in specific cases 
these ranges may be departed from at either end. 

The etherification can advantageously also be conducted using 
chloroformates of the formula Ilia, since in the presence of 
dimethylformamide - whether as a solvent or in catalytic amounts 
in one of the abovementioned other solvents - spontaneous 
30 decarboxylation of these chloroformates takes place at the 

reaction temperatures indicated for the etherification (cf . also 
the second sub-equation of equation 4). In the final analysis the 
reactants present are compounds of the formula Illb where the 
leaving group is chlorine (or chloride) . Consequently, what was 
said for the etherification in terms of bases, catalysts, 
solvents, reaction temperatures and durations applies eqaally m 
this case too. 



35 



If in reacting the mesogendiols of the formula II with compounds 
40 Ilia it is desired to retain the carbonate group, then it is 

normally necessary to operate at lower temperatures than m the 

, .„ . : r • .^^ . • -v-c: r-rjqo usual to Operate at 



normally from 3 to 2 4 nours. b-,ia^-t= bo.ve:.^^ - 

those mentioned for the etherification, and dimethylformamide is 

again employed with preference. Although the latter also promotes 



19 

the decarboxylation reaction even at the lower temperatures, in 
this case the reaction with the mesogendiol or with the compound 
HQ-M-Q-A^ -Y^-P^ obtained by the previous etherif ication step to 
give the target compound is kinetically favored. It is 
5 advantageous, moreover, to conduct the etherif ication in the 
first step and the reaction with the chlorof ormates , at lower 
temperatures, in the subsequent step. If this seciuence is 
reversed, cleavage and/or decarboxylation of the carbonate unit 
under the conditions of etherif ication can generally be expected, 
10 although in certain cases even this procedure may lead to the 
desired products. 

To scavenge the hydrogen chloride formed in the reaction with the 
chlorof ormate it is advantageous, before adding the 

^5 chlorof ormate, to add an auxiliary base in amounts at least 

equimolar to the chlorof ormate . Suitable such auxiliary bases are 
tertiary amines such as trimethyl-, triethyl- or else 
N,N-dimethylcyclohexylamine, pyridine or inorganic bases such as 
alkali metal or alkaline earth metal carbonates or bicarbonates, 

20 and also mixtures of organic and inorganic bases. 

Other bases which can be employed are alkali metal or alkali 
earth metal acetates. Preference is given to adding 
N, N-dimethylcyclohexylamine and potassium carbonate, either alone 
or in a mixture. 

If in a first etherif ication step equimolar amounts of 
mesogendiol II and compound Illb are employed then the generally 

3Q anticipated outcome is formation not only of the desired 
intermediate HO-M-O-A^ -Y^ -P^ but also of proportions of 
dietherified product P-Yi-A^-O-M-O-Ai-Yi-pi and of unreacted 
mesogendiol. To shift these proportions in favor of the 
intermediate it is possible with advantage to follow a procedure 

35 in which, departing from the stoichiometric molar ratio of 1:1 
for the proportion of mesogendiol to pi-Y^-A^-Y^, the diol is 
introduced in a solvent in a molar excess of from 2.5:1 to 10:1, 
preferably of 5:1. The compoxind Illb is added to this initial 
charge and the excess, unreacted mesogendiol is removed with a 

40 precipitant. After removing the solid by filtration the filtrate, 
containing the intermediate pi - Yi -Ai -0-M-OH which is readily 
solToble in both the solvent and the precipitamt, is admixed in a 



20 

mesogendiols are er^ployed. a corresponding isor^er r.ixture or a 
mixture of asymmecric compounds la. 

Tn c:-s case it is generally possible to e-.ploy, as solvents, the 
5 Ibovementioned compounds such as dimethylacetarr.ide, 

N-metbylpyrrolidone or dimethyl formamide , for example, and, as 
prec^pitants, methanol, ethyl acetate, dichloromethane or butyl 
acetate, their action as solvents or precipitants depending of 
course on the solution properties of the mesogendiol and it being 
10 necessary for the intermediate to be readily soluble m the 

resulting mixture of solvent and precipitant. In each specific 
case, however, suitable solvents and precipitants can be found 
easily by experimentation. 

If particularly pure products are desired, then it is 
advantageous to conduct the ether if ication reaction and the 
,n with the chloroformates under an inert atmosphere, 
example a nitrogen atmosphere. This makes it possible to prevent 



20 



advantageous; '_u ■_<.hiwwv.i. ^*-w 

reaction with the chloroformates under an inert atmosphere, for 
example a nitrogen atmosphere. This makes it possible to prevent 
oxidative secondary reactions, especially on the mesogendxols . 

The addition of free-radical scavengers, such as commercially 
available nitroxyl compounds or else phenol derivatives, _ prevents 
premature polymerization of the target compounds when using 
25 compounds of the formulae Ilia and/or Illb that contain acrylate 
groups, especially in the course of working up. 

Whereas the activity of phenol derivatives is generally 
heightened in the presence of oxygen, nitroxyl compounds are 
30 effective even under an inert atmosphere, and for that reason are 
also preferably used in this case. 

in preparing the mesogendiols it is also possible, of course and 
i. desired, to operate under inert conditions. In this case tne 
35 use of free-radical scavengers, although not necessary, can be 
practiced if the etherif icat ion reaction and the reaction wit., 
the chloroformates follow in a one-pot reaction As already 
mentioned above, under inert conditions nitroxyl compounds will 
then preferably be added. 

40 

the case of relatively unreactive starting compo'unds of the^ ^ 



'-Tr ir.is case preteracx i 

pTsslTses'l hllogen.' with particular preference CI or 3r, and is 
present almost exclusively in the organic phase, where inorganic 

■-;,c=pc: =-.0 --sed, exarrples being 
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potassium carbonate or tetraalkylamrr.onium hydroxides such as 
tetramethyl- or tetraethylammonium hydroxide, these are in 
contrast present almost exclusively in the aqueous phase. When 
the mesogendiol is added it is converted into its mono- or 
5 dianion, which although of only low sol-ability in the organic 
phase has a relatively high nucleophilicity, owing to its lower 
degree of solvation, and is therefore able to react with the 
halogen compound dissolved therein without having to compete with 
the base anion. 

10 

For working up, the reaction mixture is usually diluted with 
water and with an organic extractant having little if any 
miscibility with water, and the organic phase is washed a number 
of times with water and finally with aqueous mineral acid. 

15 

The organic extractant is removed by vacuum distillation at from 
20 to 40°C. To prevent the premacure polymer i^ation of the product 
or products, distillative workup is preceded by the addition of 
customary inhibitors, such as methoxyphenol, Kerobit® BHT or 
phenothiazine, usually in a mixture, in amounts of from 0.01 to 
1% by weight based on the product or products. The mixture of 
inhibitors varying in their volatility ensures adequate 
stabilization of the product or products in both the liquid and 
the vapor phases . 

The novel compounds of the formula la can possess either two 
radicals and p2 which are both unreactive, ie. are hydrogen or 
the abovementioned Ci-C4-alkyls; in these compounds one . of and 
30 P^ is unreactive and the other is reactive, or both radicals P^ 
and p2 are reactive. Also possible, furthermore, are mixtures of 
different compounds la in which doubly unreactive (P^ and P^ are 
unreactive) , singly unreactive or singly reactive (P^ is 
unreactive and p2 is reactive or vice versa) auid/ or doubly 
35 reactive (P^ and p2 are reactive) compounds la are present. 

Preference is given to compounds la and mixtures of compounds la 
in which at least one of P^ and p2 is reactive or at least one 
compound la in the mixture of these compounds contains at least 
one reactive radical P^ or p2 . Preference is also given to novel 
40 mixtures (of components Ai , Aj and A3 and of components Aj. ' , A2' 
and A3'), and novel compositions, in which at least one of P^ and 
p2 in at least one compound la is reactive. 



unreactive ?- or P- , le. z-y nvcrcger: cr - a n<y ■ . -natcp 

possible to adapt the properties of the novel mixtures or 
compositions, such as the liquid-crystalline phase width or 
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viscosity, to the particular r eq^uirements . By this means 
influence can also be had over the properties of polymers 
obtained from such mixtures or compositions. It is thus possible, 
forexample, to vary their hardness, elasticity, glass transition 
temperature and permeability to liquids and gases on the basis of 
the altered degree of crossl inking . Examples of singly unreactive 
^or e(Tuivalent thereto singly reactive) compounds la are 
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'1^ ^O— (CH2)4 — 0— C— 0— Ph — C— O ^) O — C — Ph OC4H9 



0 0 0 

II II II 

O — {CH2) 4 — O— C— O— Ph — C — O — Ph 0 — C — Ph OC4H9 , 



V 



Examples of doubly unreactive compounds of the formula la are 

-(^ — o — c — (/ y — 0C4H9 , 



H9C4O— c— o — (^~^ — c — o — (^^~~^ — 0 — c — — cx;4H9 , 

o o 

H9C40— c— o — — c — 0 — y — 0CH3 . 



0 0 



0 

- " y/xv 



K9C4O- 



H37C18O — c— o 



H9C4O — C— 0 



o 

II 

H5C2O — c— o 



If the mesogendiol 



r 



c — o- 



35 corresponding to a compound of formula II, is reacted with the 
compounds 



-.0_ (CH2)4— CI and O- (CH2 ) 4— 0— C— CI , 

40 " 



45 the compounds of the formulae a. and a2 shown oelow corresponc 
novel compounds la having two reactive radicals and . 
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The compounds 



the formulae ai and &2 can be mentioned, 



moreover, as component , o--^ -^-e v-v^.-^^w- _____ 

and a4, correspondingly, as components A^' and A3', of mixtures 
5 obtainable in accordance with the invention. 

Fu-the- details of the reaction of the mesogendiols of the 
formula II with compounds of the formulae Illb and Ilia have 
already been given above. 

10 

If, for example, a mixture of the mesogendiols 



25 



is reacted with the compounds 

O o 
lf"^0— (CH2)4 0 C CI 



■0— (CH2) 6; — y3 



the result is a mixture comprising compounds of the formulae bi to 
b7 shown below. 



40 



45 
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29 



In this case, again, the compounds bi, b2 and can be regarded 
both as examples of novel compounds of the formula la having two 
reactive radicals and and as constituents of the component 
^ Ai' of mixtures obtainable in accordance with the invention. The 
compounds b4 and bs and, respectively, be and b? are to be 
regarded, accordingly, as components A2' or, respectively, A3' of 
such mixtures. It should be noted here that owing to the 
asymmetric mesogenic unit the compounds bs and bj represent 
different chemical species. In the case of the compound bi one 
would, on removing the symmetry of the mesogenic unit, for 
exaunple by methyl substitution on the middle benzene ring of the 
mesogenic unit, likewise obtain two different compounds of the 
formulae bi' and bi" depicted above. 

15 

AsDects of the symmetry of mesogenic groups and the identity and 
nonidentity of liquid-crystalline compounds derived therefrom are 
dealt with exhaustively in the prior German patent application 
197 16 822.1. 

20 

The compounds of components Ai' , A2' and A3' specified in the two 
examples can of course be regarded as a specific selection, 
linked to one another by way of the preparation, of compounds of 
25 components Ai , A2 and A3 of the novel mixtures. 

If further additives B are added to the novel compounds of the 
formula la or to the novel mixtures comprising the components Ax, 
optionally A2 and/or optionally A3 or the components Ai' , A2' and 
3 0 A3', this results in novel compositions. 



Such additives B may be one or more chiral compounds. 



In this way, cholesteric liquid-crystalline phases are formed 
which in particular have advantageous optical properties and 
which reflect light of different wavelengths depending, for 
example, on the viewing angle. Such liquid-crystal compositions 
find particular application as cholesteric liquid-crystalline 
colorants . 



Particularly su-it-able chiral components are those which on the 



Examples of preferred chiral compounds are those of the fcrn^.ulae 
Id, le, If and Ig 



(pi-Y5)^X 



(Id) , (pi -Y^-A— vS) r.X (le) , 

(pl-Y5)r,X (If). (pl-Yl-Al-Y3-M-Y4):,X (Ig), 

where P^, Y^, A^, and M are as defined for the formulae la and 
laa, n is an i: 

and Y^ and Y-* are as defined for Y^ and y2 . 
Examples of radicals X are: 



.nteger from 1 to 6 , X is an n-valent chiral radical 




t3 



^ (C:^ Q- 



I I I 

0 o 



Yr ^ ^ 



^ 

O 0 

£^ 
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I 

These and other chiral components are specified, for example, in 
the documents WO 95/16007, DE-A 1 95 20 660 and DE-A 1 95 20 704. 



As further additives B it is also possible to add 
liquid-crystalline compounds or mixtures thereof, as set out in 
the documents WO 95/22586, WO 95/24454, WO 95/24455, WO 96/30352 
and WO 97/00600, or liquid-crystalline mixtures prepared by the 
method described in the document WO 96/04351. 



2 0 Polymerization of the novel compounds, mixtures or compositions, 
which is of course only possible if at least one of and P^ is 
reactive, makes it possible to fix the liquid-crystalline order 
state. Depending on the polymerizable group, polymerization may 
take place thermally or photochemical ly, for example. In this 

25 context it is also possible to copolymerize other monomers 

together with the liquid-crystalline compounds or mixtures. These 
monomers, which are likewise - alone or in a mixture with other 
additives - to be regarded as additives B of the novel 
compositions, include customary crosslinkers . Examples of 

30 suitadble monomers are: 



vinylaromatic compounds, such as styrene or styrene derivatives 
of the formula 

Si 

where amd are hydrogen or Ci-Ce-alkyl; 



n-propyl, i-propyl, n-butyl, isobutyl, sec-butyl, tert-butyl and 
ethylhexyl acrylate and the correspo.nding methacrylates , and also 
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cyanoacrylic acid; and, in addition, the glycidyl esters, 
glycidyl acrylate and glycidyl T.ethacry late . 

AS crosslinkers ( crossl inking nonomers) it is possible to employ 
5 bi- or Dolyfunctional compounds having at least 2 olefinic double 
bonds, examples being divinyl esters of dicarboxylic acids such 
as of succinic and adipic acid, diallyl and d-vmyl ethers of 
b^- functional alcohols such as of ethylene glycol and of 
1 4-butanediol, methacrylic or acrylic esters of polyf unct lonal 

10 alcohols, especially those which other than the hydroxyls contain 
no further functional groups or, if any at all, then ether 
groups. Examples of such alcohols are bifunctional alcohols, such 
as ethylene glycol, propylene glycol and their counterparts with 
higher degrees of condensation, such as diethylene glycol, 

15 triethylene glycol, dipropylene glycol, tripropylene glycol, 
etc., butanediol, pentanediol, hexanediol, neopentyl glycol, 
alkoxylated phenolic compounds, such as ethoxylated and/or 
propoxylated bisphenols, cyclohexanedimethanol , alcohols of the 
functionality of three or more, such as glycerol, 

20 trimethylolpropane, butanetriol. trimethylolethane , 

pentaerythritol, ditrimethylolpropane , dipentaery thritol , 
sorbitol, mannitol and the corresponding alkoxylated alcohols, 
especially ethoxylated and propoxylated alcohols. 

Also suitable are polyester (meth) acryla tes , which are the 
(meth) acrylic esters of polyesterols . 

Examples of suitable polyesterols are those as can be prepared by 
30 esterifying polycarboxylic acids, preferably dicarboxylic acids, 
with polyols, preferably diols. The starting materials or such 
hydroxyl-containing polyesters are known to the skilled worker. 
Dicarboxylic acids that can be employed are succinic, glutaric, 
adipic, sebacic and o-phthalic acid, their isomers and 
3c hydrogenation products, and esterifiable derivatives, such as 
arJiydrides or dialkyl esters, of these acids. Suitable polyols 
are the abovementioned alcohols, preferably ethylene glycol, 1,2- 
and 1, 3-propylene glycol, 1 , 4-butanediol , 1 , 6 -hexanediol , 
neopentyl glycol, cyclohexanedimethanol and also polyglycols of 
40 the ethylene glycol and propylene glycol type. 



45 
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Epoxy (mech) acrylates are those, for example, as obtainable by 
the reaction, familiar to the skilled worker, of epoxidized 
olefins or of poly- or diglycidyl ethers, such as bisphenoi A 
diglycidyl ether, with (meth) acrylic acid. 

In the case of urethame (meth) acrylates the compounds involved 
are again knovm to the skilled worker and are reaction products 
of hydroxyalkyl (meth) acrylates with poly- and/or diisocyanates . 



1 , 4-divinylben2ene , triallyl cyanurate, acrylic esters of 
tricyclodecenyl alcohol of the following formula 



\^^^^^Jc^J~ ° CO— CH=CH2 or [^^^JJ^^ 



— O CO — CH= CH2 



known under the name of dihydrodicyclopentadienyl acrylate, and 
20 the allyl esters of acrylic, methacrylic and cyanoacrylic acid. 

If monomers and/or crosslinkers (crosslinking monomers) are 
employed then their amount must be adapted to the polymerization 
conditions firstly so as to give a satisfactory, desired effect 
and secondly so that the liquid-crystalline phase behavior is not 
too adversely affected. The amount of the optional monomers 
and/or crosslinkers to be employed depends in general on the use 
of the polymers. To prepare pigments, a relatively large amoiint 
and. to prepare thermoplastic coatings, a relatively small amount 
of monomers/cross linkers may be advantageous. The amount of the 
monomer s/crossl inkers can generally be determined by means of a 
few preliminary experiments. Normally, however, an attempt will 
be made to keep the proportion of monomers/crosslinkers 
(crosslinking monomers) low or to use none at all. 

35 

Further additives (B) can be polymeric auxiliaries, such as 
leveling assistants, defoamers, devolatilizing agents, 
rheological assistants or adhesion promoters. Such auxiliaries 
should preferably be soluble either in the initial mixtures or in 
aj:i organic solvent compatible with the initial mixtures. Typical 
examples of such polymer auxiliaries are polyesters, cellulose 

'.-e s e r . t; . : t: r: e : .„ r - , , , : — t : _ . . - ... : ■ 

_^ ^. oe aaaea, -1 at ax . , : 01 tne aesir ea purpose: , - cnemica. 

nature, and possibly the amo^jjit and type of solvent as well are 
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gene-ally faniiliar to tr.e skilled worker or can likewise be 
determined experiir.entally by means of a few preliminary trials. 

If t-e compositions of the invention are s-abjected to a 
5 photochemical polym.erization , then further possible additives are 
photoinitiators. Examples of these are the substances avaxlaD.e 
commercially under the tradenames Lucirin®, Irgacure and 
Darocure®, for instance Lucirin® TPO, Irgacure^ 184, Irgacure 
369, irgacure® 907 and Darocure® 1173. In this case the 
^° initiators are employed in customary amounts, corresponding to a 
proportion of from about 0 . 5 to 5.0% by weight of the mixture or 
composition that is to be polyroerized. 

, Further additives B may also be mixed in with the compositions of 
the invention, these further additives including compounds which 
,-^^^™^a^p-d non-covalently into the polymeric network. Such 
7olpoZd7mly include, for example, commercially obtainable 
nematic liquid crystals. 



Further po; 



ssible additives B are pigments, dyes and fillers. 



The pigments can be inorganic compounds, for example iron oxides, 
titanium oxide and carbon black. On the organic side suitable 

25 compounds are, for example, pigments or dyes from the class of 
the monoazo pigments, monoazo dyes and their metal salts, disazo 
pigments, condensed disazo pigments, isoindoline derivatives, 
de-ivatives of naphthalene- or perylenetetracarboxyl ic acid, 
anthraquinone pigments, thioindigo derivatives, azomethine 

30 derivatives, quinacridones , dioxazines, pyrazoloqumazolones , 
phthalocyanine pigments or basic dyes, such as triarylmethane 
dyes, and salts thereof. 

Also suitable are special-effect pigments, such as aluminum or 
mica flakes, or pigments such as the pearlescent (pearl luster) 
and special-effect pigments obtainable commercially under the 
names Iriodin® and Paliocrom®, for example. 

40 It is also possible to add customary fillers such as chalk, talc, 
gypsum and barytes, etc. 



of tne cnira 
are present 
0.01 to 2 0% 



. corr.pcunas __.-cewiSfc; 

.n a proportion of from. 

md, with particular pr 



.001 to 50%, preferably 
erence, from 0.1 to 10%, 
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each case by weight. The proportion of crosslinkers and/or 
monomers is from 5 to 50% by weight, preferably from 10 to 20% by 
weight , wich the sum of the proportions of -he 1 iqraid-crys tall ine 
compounds, the crosslinkers and/or monomers and the chiral 
5 compounds of course having to add up to 100% by weight, and with 
the proportions relating to the overall amount of the 
compositions thus obtained. 



For the claimed articles described below use is made of novel 
compounds, mixtures or compositions in which, in at least one 
compound of the formula la, at least one of and is a 
reactive radical. For simplicity these compo\mds , mixtures or 
compositions may be referred to as "polymer izable (novel) 
compounds, mixtures or compositions". 

15 

Claim.ed in accordance with the invention, therefore, is a process 
for printing articles or producing coatings having a 
liguid-crystalline order state on articles, which comprises 
applying to the articles polymerizaible , novel compounds, mixtures 
or compositions, bringing about an orientation, if desired, and 
then polymerizing the compounds, mixtures or compositions applied 
to the articles. 



25 Further suitable procedures for coating substrates or articles 
can be found, for example, in the document WO 96/02597. 

The liquid-crystalline orientation comes about either 
spontaneously in the course of application or is achieved by 
30 known physical methods such as, for example, knife coating or the 
application of an electrical or magnetic field. 



Considering, for example, the use of the polymerizable , novel 
compounds, mixtures or compositions in the field of screen 
printing or flexographic printing, their viscosity can be reduced 
by adding diluents. Apart from the use of rheological auxiliaries 
and additives with a similar action, a further possibility to 
influence the viscosities of the liq[uid-crystalline compounds, 
mixtures or compositions is to prepare mixtures of those 
compounds which differ in the number of the nuclei of their 
mesogenic groups M. 



= . ^ . - 

their proportion, show a more or less reduced viscosity relative 
to the pure "trinuclear" compound or to a mixture of "trinuclear" 

corrpo'jnds ( cxpl ar.a t i cr.s have already' been giver, ar the outset 
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regarding the "nuclei" of the mesogenic groups M) . The converse 
of course is that it is possible to a greater or lesser extent to 
raise the viscosity of, for example, "dinuclear" compounds or 
mixtures thereof by the presence of appropriate amounts of 
5 "trinuclear" or higher "polynuclear" liquid-crystalline 

compounds. Higher viscosities are desirable, for instance, in the 
field of offset and letterpress printing. 

Also claimed, furthermore, are articles obtainable by printing or 
10 coating by means of the abovementioned novel process. 

The claims of the invention extend to the use of the 
polymerizable, novel compounds, mixtures or compositions for 
producing optical components, for exam.ple polarizing color 
filters, especially notch filters, ie. narrow-band interference 
filters, or polarizers for LCD displays, and to their use for 
preparing liquid-crystalline colorants used, for example, in 
printing or in automotive finishing. 

Additionally claimed in accordance with the invention are 
liquid-crystalline colorants which comprise polymer izable , novel 
compounds, mixtures or compositions. 

25 With a view toward low-solvent formulations which are thus, inter 
alia, more friendly to the environment and user, there is 
increasing use of emulsions and dispersions. These generally have 
much lower viscosities than conventional formulations and are 
therefore of particular advantage from the standpoint of spray 

30 coating techniques. 

Consequently, aqueous emulsions or dispersions are also claimed 
which comprise polymerizable, novel compounds, mixtures or 
compositions and further auxiliaries customarily used to prepare 
35 emulsions or dispersions. The preparation of dispersions 

comprising, inter alia, liquid-crystalline compounds is set out, 
for example, in the document WO 96/02597 and can be transferred 
analogously to the emulsions and dispersions claimed herein. 



40 



The novel aqueous emulsions and dispersions may if desired 
comprise not only the liquid-crystalline compounds and any 



auxiliaries such as light stabilizers and preservatives, for 
example. The content of polymerizable, novel compounds, mixtures 

^ _ -'-p novel acr^ec-s e~\:-sio^- or dispersions, 



39 

which are also suitable for use as interior and exterior paints, 
is generally frorr. 20 to 95% by weight. 



The addition of emulsifiers and/or dispersants as further 
^ auxiliaries is of particular importance. 

As such auxiliaries it is preferred to employ water-soluble, high 
molecular mass organic compoxmds having polar groups, such as 
polyvinylpyrrolidone, copolymers of vinyl propionate or vinyl 
acetate and vinylpyrrolidone , partially hydrolyzed copolymers of 
an acrylic ester and acrylonitrile, polyvinyl alcohols with 
varying contents of residual acetate, cellulose ethers, gelatins 
or mixtures of these substances. Particularly preferred 
emulsifiers and/or dispersants with a function as protective 
colloids are polyvinyl alcohol having a residual acetate content 
of below 35, in particular from 5 to 30 mol percent and/or a 
vinylpyrrolidone-vinyl propionate copolymer having a vinyl ester 
content of below 35, in particular from 5 to 30 percent by 
weight. 

Both nonionic and, in special cases, ionic 

emulsif iers/dispersants can be used. Preferred dispersants are 
relatively long-chain alcohols or phenols with different degrees 
25 of ethoxylation and/or propoxylation (adducts of from 4 to 50 mol 
of ethylene oxide and/or propylene oxide) . Combinations of the 
abovementioned protective colloids with such 

emulsif iers/dispersants are particularly advantageous, since they 
give very fine emulsions/dispersions. 

30 

Further suitable emulsif iers/dispersants are, for example, 
dihexylsulf osuccinate, sulf osuccinate monoesters, the sodium 
salts of dodecylbenzenesulf onic acid and of pentadecanesulf onic 
acid, potassium oleate, sodium lauryl sulfate, alkyl 
35 polyglycosides, isooctylphenol, isononylphenol , C12-C18 fatty 
alcohols and fatty alcohol alkoxylates. 

Of particular suitability, furthermore, are polysiloxane-based 
emulsifying/dispersing auxiliaries . 

40 

The emulsifying/dispersing auxiliaries described are suitable for 



eaiuxsxuiis . r d X L ^ ^ ^ ^ cir ^ y s-^caiD-e s;^c:-. err/^^sions or cispersions 
are e.mulsifiers and e.mulsifier mixtures as described, for 
example, in EP-A 0 623 630. Further suitable 

emulsifying/dispersing auxiliaries are sorbitan monos tearate , 



40 

sorbitan monopalmi tate , sorbitan tristearate, sorbitan 
monooleate, sorbitan escraioleate , polyoxyethylene sorbicol 

e-hers, polyoxyennyiene ^^■-y ^ eu.ie.s, ^^^j^^^j ^--.i- . 

e-hers and polyoxye thylene oleyl ethers. 

5 

The novel emulsions can also be miniennuls ions . Miniemulsions have 
the advantage of forming particularly stable emulsions and are 
therefore especially stable on storage. To prepare miniemulsions, 
the above-described emulsions, which typically have droplet 
10 diameters in the micrometer range, are for example homogenized 
w^-th the aid of a high-pressure homogenizer. This produces 

alsions having droplet diameters in the range of a few hundred 
in which no phase separation is seen for many weeks. 



emul 



To prepare the novel dispersions or emulsions the novel 

mixtures or compositions are mixed, if desired, with a 
small^amount of a solvent such as tetrahydrof uran, dioxane, 
acetone methyl ethyl ketone, propanols, butanols, ethyl acetate, 
butyl acetate, methylene chloride, the xylenes or toluene, or 
else water, in order to reduce the viscosity. Preferably, 
however, said polymerizable , novel compounds, mixtures or 
compositions are admixed directly with the emulsifying/dispersing 
auxiliary, which can also be added as an aqueous solution. The 
resulting mixture is thoroughly homogenized by means, for 

' example, of stirring. Then water is added and thorough 
homogenization is repeated. The "amount of water is guided by the 
desired use. It is preferred to add from 20 to 80% by weight, 
with particular preference from 40 to 60% by weight, of water 
based on the overall amount of the finished emulsion or 

' dispersion. For processing purposes the emulsions/dispersions can 
be diluted to the desired viscosity and colorant concentration 
with water to which, in turn, an emulsifying/dispersing auxiliary 
may be added. 

' Possible methods of curing the films formed from the 

emulsion/dispersion are, as for the coating mixtures, thermal 
methods or radiation methods, such as photocuring or electron 
beam curing, depending on the nature of the polymerizable groups. 

, The addition of polymerization initiators, as described for the 
coating mixtures, is also advantageous for the curable dispersion 



45 processing. The dispersions nave .ow viscos.L.eb, -a.. o= ^repa-c.. 
wit^^out solvent and thus require no ventilation equipment, and 
can be applied by all Icnown, simple techniques such as spreading. 



rolling, spraying, printing, dipping or curtain coating. In 
accordance with the novel coating process, spontaneous 
orientation takes place even from the dispersion, so that in the 
presence of appropriate additives such as chiral compounds it is 
5 possible for a desired, perceived color, which is dependent on 
the viewing angle, to be formed. 

Also claimed are pigments obtainable by polymerizing, as a thin 
film on a substrate, the polymerizable, novel compounds, mixtures 
or compositions, detaching the polymeric mass from the substrate 
and comminuting it to pigment particle size. 

The film thic5cnesses are chosen during preparation such that the 
finished pigment particles have thicknesses of from 0.5 to 50 |im, 
preferably from 1 to 25 [im. and, with particular preference, from 
2 to 10 njn. The mean diameters of the pigment particles are at 
levels corresponding to from 3 to iOO times the thicjcness of the 
pigment particles; in other words, the ratio of mean diameter to 
thickness of the pigment particles is from 3:1 to 100:1. 
Preference is given to a ratio of from 4:1 to 25:1, with 
particular preference from 5:1 to 15:1. In this context the film 
can be applied, for example, by using a doctor blade. Typical gap 
widths in this case are from 7.5 to 400 ]im. 

25 

By means of casting techniques which are customary, for example, 
in the production of macfnetic tapes it is possible to establish 
film thicknesses of a few jxm. Depending on which volatile 
additives are present in which amounts in the course of film 
30 production, the thicknesses in the finished pigment particles 
will then be greater or lesser fractions of these wet film 
thic]cnesses . 

It is advantageous if appropriate procedures are used, even 
35 before polymerization, to determine the dimensions and form of 
the products present after polymerization. The losses occurring 
by subseguent comminution and classification of the polymer 
products, especially as a result of the production of excessively 
fine material, can in this way be largely avoided. 

0 

Particular preference is therefore given to pigments which are 

obtainable bv applyinc pol vrreri zab^. e novel rorrpounds , -rixtures 

dirneni>i.ons , s-LLb3ec::ing saic compounds, mixcures or compositions 
to polymerization, and t.hen detaching the polymer products from 



the substrate, with regard to the pigment dimensions, what has 
already been said above applies here too. 

Procedures for producing appropriately shaped pigments are 
5 described, for example, in the prior German applications 196 02 
795 . 0 and 196 02 848 . 5 . 

The pigments obtainable in accordance with the invention can be 
employed not only in conventional coating materials but also in 
^° waterbome coating materials. Examples of those formulations in 
which the novel pigments can be employed as special-effect 
pigments are set out in the documents WO 95/29961 and WO 
95/29962 . 

15 

Preparation Examples 
Example 1 

20 49 4 g (0 133 mol) of bis - 1 , 4 - (p -hydroxybenzoic acid) 

methylphenylene diester, 22.2 g (0.133 mol) of chlorobutyl 
acrylate. 20.2 g (0.15 mol) of potassium carbonate (ground), 
0.2 g of potassium iodide, 0.05% of Kerobit® BHT and 0.01% of 
4-hydroxy-TEMPO (obtainable commercially from Hiils) were stirred 

25 in 250 ml of DMF at 80°C under nitrogen for 5 h. The mixture was 
cooled to room temperature. Then 38.3 ml (0.255 mol) of 
N,N-dimethylcyclohexylainine and 38.5 g (0.186 mol) of 
ac-yloylbutyl chlorof ormate were added dropwise. Finally, the 
reaction mixture was stirred at 40°C for a further 3 h. Following 

3° the addition of 500 ml of ethyl acetate, inorganic residues were 
filtered off with suction and the organic phase was extracted 
with dilute hydrochloric acid and then with water. The organic 
phase was dried over sodium sulfate, filtered and concentrated to 
give 83 g of product, corresponding to a yield of 94.5%. 
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Claims 



A iiquid-crystaliine compound of the fomula la 

o 

pl_yl — Al— O— M— 0— S— 0— A2— Y2— ?2 da), 
where 

Pi and P2 each independently are hydrogen, C,-C,-alkyi or 

reactive radicals by means of which polyrr.er i za _.on 
can be brought about, 

ana e.c. .„aepena.n..v are ^] 
oxygen, sulfur, -0-CO , vj , 

-NR-CO-, -0-CO-NR-, -NR-CO-0- or -NR-CO-NR-, 

R is hydrogen or Ci-C4-alkyl, 

Ai and A2 are spacers having one to 3 0 carbons in a chain 

which can be interrupted by oxygen in ether functxon, 
sulfur in thioether function or by nonadjacent immo 
or Ci-C4-alkylimino groups, and 

M is a mesogenic group. 

A mixt-ure comprising 

(Ai) one or more liquid-crystalline compounds of the 

formula la as claimed in claim 1. 

(A,) if desired, one or more liquid-crystalline com.pounds 

of the formula lb 



pi yi A^- 



_0 a2 Y2 P2 (lb) 
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{A3) 
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if desired, one or more iiquid-cryscalline compounds 
of the formula Ic 



0 O 

II II 

pi yl 0 C 0 M 0 C 0 y2 p2 (ic) , 



where pi, P^, , . A^, A^ and M in the formulae lb and Ic 
are each as defined in formula la but in specific individual 
cases their selection is independent for the compounds la, lb 
and Ic. 

3. A mixture comprising 

15 

(Ai') one or more liquid-crystalline compounds of the 
formula la as claimed in claim 1, 

{A2') one or more liquid-crystalline compounds of the 
20 formula lb' 



pi Al O M O yl pl (lb') 

(A3') one or more liquid-crystalline compounds of the 
formula Ic' 

30 00 

II II 

p2 y2 a2 O C O M O C O A2 y2 p2 (Ic' ) , 

obtainable by reacting one or more compounds of the formula 
II 

HO M OH (II) 

40 with one or more compounds of the formulae Illa and Illb 

0 



pi yl p^l Y3 



48 

where P^, P^, Y^, Y^, A- , and M are as defined in ciai.T, 1 

and Y^ is a leaving group. 



4. A composition corrprismg 

5 

(A) a compound or mixture as claimed in any of claims 1, 

2 and 3, and 

one or more further additives. 

10 

5. A compound, mixture or composition as claimed in any of 
claims 1 to 4 , in which M is a mesogenic group of the formula 
laa 

15 



^ — T — ys) — T — 



where : 

T at each occurrence is a divalent, saturated or 
unsaturated, isocyclic or heterocyclic radical, 

y5 at each occurrence is a group as defined for Y^ and 
is -O-CH2-, -CH2-O-, -CH=N-, -N=CH- or -N=N- and 



r is 0, 1, 2 or 3, 

and, if r > 0, both T and Y^ are identical or different at 
each occurrence. 

A compound, mixture or composition as claimed in any of 
claims 1 to 4 , in which M is a mesogenic group 
selected from the following formulae 



40 



4b 
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0 



O 




5 



0 



o 



10 




where each ring Z can carry up to three identical or 
different substituents from the following group: 

hydrogen, Ci -C2o-al)cyl, Ci -Cjo-alkoxy, Cx -C20 -alkoxycarbonyl, 
Cx - C20 - monoalkylaminocarbonyl , Ci -C20 - alkylcarbonyl , 
Ci-C2o-alkylcarbonyloxy, Ci - C20 - alkylcarbonylamino, formyl, 
carboxyl, halogen, cysuao, hydroxyl and nitro. 

7. A compound, mixture or composition as claimed in any of 
claims 1 to 6, in which, in at least one compound of the 

25 formula la, at least one of and p2 is a reactive radical. 

8. A process for printing articles or producing coatings having 
a liquid-crystalline order state on articles, which comprises 
applying to the articles a compound, mixture or composition 

30 as claimed in claim 7, bringing about an orientation, if 

desired, and then polymerizing the compound, mixture or 
composition applied to the articles. 

9 . A printed or coated article obtainable by a process as 
claimed in claim 8. 

10. The use of a compound, mixture or composition as claimed in 
claim 7 for producing optical components. 



11. The use of a compound, mixture or composition as claimed in 

claim 7 for preparing liquid-crystalline colorants. 
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or composition as ciaimea 1.1 c^ai.-n 
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13. An aq-jeous emulsion or dispersion co.T.prising a compound, 
mix!iure or composition as claimed in claim 7 and further 
auxiliaries commonly used ro prepare emulsions or 
dispersions . 

5 

14. A pigment obtainable by subjecting a compound, mixture or 
composition as claimed in claim 7, as a thin film on a 
substrate, to polymerization, detaching the polymeric mass 
from the substrate and comminuting it to pigment particle 

10 size. 

15. A pigment obtainable by applying a liguid-crystall ine 
compound, mixture or composition as claimed in claim 7 by 
printing to a substrate, the printing process predetermining 
the s\ibsequent pigment form and pigment dimensions, 
subjecting said compound, mixture or composition to 
polymerization, and then detaching the polymer products from 
the substrate. 

20 16. A liquid crystalline compound, mixture or 

composition as claimed in any of claims 1 to 7 and 
substantially as hereinbefore described or 
exemplified in any of the foregoxng Examples. 
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